Background: Growing scrutiny of readmissions has placed hospitals at the center of readmission prevention. Little is known, however, about hospital nursing-a critical organizational component of hospital service system-in relation to readmissions.
M edicare's Hospital Readmission Reduction Program (HRRP) penalizes hospitals a proportion (FY 2013, 1%; FY 2014, 2%; FY 2015, 3%) of base-operating diagnosis-related groups (DRG) payments for excess readmission rates. 1 This program began with acute myocardial infarction (AMI), heart failure (HF), and pneumonia (PN), and has included some surgery procedures (eg, total hip and knee arthroplasty) for FY 2015. 2 Nurses-the largest health care workforceprovide round-the-clock bedside care throughout patient hospitalization, of which some has been identified critical to prevent readmissions (eg, complication surveillance, patient education, and discharge planning). 3 Theory and empirical evidence suggest that the effect of nursing care on patient outcomes is mediated by organizational nursing factors [4] [5] [6] ; and there are evidence linking hospital nursing to patient outcomes (eg, surgical mortality, failure to rescue, and infections). [7] [8] [9] [10] [11] To date, however, little research has examined the impact of hospital nursing on readmissions; of those few studies, most focused on medical rather than surgical readmissions. 12 A recent study of Medicare patients with HF, AMI, and PN found that patients have significantly lower risk for 30-day readmissions when cared for in hospitals with better nurse work environments, nurse staffing, and/or more nurses with a bachelor's degree. 13 Hospitals with better nurse staffing were 25% less likely to be penalized under the HRRP. 14 One study on surgical readmissions of Medicare patients included a measure of nurse staffing (which was significantly associated), but this finding was not discussed. 15 Other hospital nursing factors shown to be predictive of patient outcomes, such as work environment, were rarely considered. 12, 15 We aimed to advance the understanding of the impact of hospital nursing on readmissions by identifying the role of nurse work environment, nurse staffing, and nurse education in readmissions among Medicare patients undergoing general, orthopedic, and vascular surgery.
METHODS

Sample and Data
This is a retrospective, cross-sectional study using 3 data sources. We used the Penn Multi-State Nursing Care and Patient Safety Survey (2006-2007) of a substantial random sample of registered nurses (RNs) in California, Florida, New Jersey, and Pennsylvania for hospital measures of nurse work environment, nurse staffing, and nurse education. Details about the nurse survey have been presented elsewhere. 7, 16 Measures of hospital structural characteristics (eg, ownership and hospital size) were obtained from the American Hospital Association (AHA) Annual Survey. We included adult nonfederal acute care hospitals with Z50 annual surgical discharges of study interest and at least 10 RNs providing direct inpatient care. 17 Our sample included 528 hospitals in 4 states with an average of 48 nurse respondents per hospital.
We obtained patient information from the Medicare Provider and Analysis Review File (MedPAR), and included patients hospitalized for a DRG classification of general, orthopedic, or vascular surgery from July 2006 to June 2007. Patients were excluded if they were aged 90 years or older, died during hospitalization, were transferred from or out to other hospitals, or were discharged on the same day or against medical advice. To avoid double counting an admission as index admission and readmission, only admissions beyond 30 days from the previous discharge were considered eligible index admission. Admissions followed by hospitalization for rehabilitation (DRG 462) within 30 days of discharge were excluded. For patients who had >1 qualified surgery during our observation period, a single index admission was randomly selected to ensure statistical independence of observations. Our final sample included 220,914 patients.
Variables
Thirty-Day Readmission
We included all-cause readmissions within 30 days of discharge from hospitalizations for DRG classifications of general, orthopedic, and vascular surgery. This definition has been used in previous studies of surgical readmissions and corresponds with the HRRP window of observation. 18, 19 
Hospital Nursing Factors
The nurse work environment was measured using the Practice Environment Scale of the Nursing Work Index (PES-NWI), a nursing-sensitive measure endorsed by the National Quality Forum. 20, 21 The PES-NWI consists of 5 subscales: nurse participation in hospital affairs; nursing foundations for quality of care; nurse manager ability, leadership, and support; staffing and resource adequacy; and collegial nurse-physician relations. We excluded the staffing and resource adequacy subscale due to its high correlation with our direct measure of nurse staffing. 7 Subscale scores were calculated for each hospital as the mean of the items comprising each subscale. The overall PES-NWI score was then calculated as the mean of the subscales for each hospital. Hospitals' PES-NWI and subscale scores were standardized in regression models.
Nurse staffing was measured at hospital level as the average patient-to-nurse ratios based on nurses' reports of the number of patients and nurses on their last shift. This measure has better predictive reliability compared with administrative sources of staffing data. 7, 13, 17, 22 Hospital nurse education was measured as the proportion of nurses with baccalaureate degrees or above. 13, 23 Covariates and Risk Adjustment
We included 27 comorbidities identified by Elixhauser and colleagues (excluding fluid and electrolyte disorder and coagulopathy), [24] [25] [26] [27] patient demographics (age, sex, and race/ethnicity), health services utilization (number of hospitalizations in the past 6 mo), and DRGs for risk adjustment. We also included hospital characteristics (hospital size, teaching status, technology level, ownership, and geographic location) as covariates.
Analysis
We first described the characteristics of our sample and examined the incidence, variation, and reasons for 30-day readmissions. We used multivariate logistic regression models to estimate the associations between 30-day readmission and hospital nursing-work environment (both overall and subscale specific), nurse staffing, and nurse education. In the first set of models (adjusted separate), each association was estimated separately when controlling for patient and hospital characteristics. In the second set of models (adjusted joint), both staffing and work environment (overall or each subscale) were included in the same model. All analyses were conducted in STATA version 12.
RESULTS
On average, hospitals had an overall PES-NWI score of 2.72 (SD = 0.23), and the mean subscale scores ranged from 2.52 to 2.91. Of the 528 hospitals (Table 1) , 31% had poor environments (Z0.5 SD below the mean), whereas 29% had good environments (Z0.5 SD above the mean). Hospitals averaged 5.13 (SD = 1.31) patients per nurse and 60% had ratios between 4 and 6. The average percentage of nurses that were BSN prepared was 38%. Sixteen percent of hospitals had more than half of their nurses that were BSN prepared. The majority of hospitals were nonprofit (81%), with >100 beds (90%), and in urban areas (90%). Approximately half of the hospitals were teaching and high technology hospitals. There were more patients and nurses in larger, high technology, and urban hospitals. Table 2 summarizes the patient characteristics. Medicare patients undergoing general, orthopedic, or vascular surgery had a 30-day readmission rate of 9.5%. Of these patients, the average age was 76 years (SD = 6.0), 58% were females, and 90% were white. Roughly half of the patients were hospitalized for orthopedic surgery. The majority (89%) had at least 1 comorbidity and 62% had multiple comorbidities. Approximately 21% of the patients experienced hospitalization(s) in the past 6 months. Older African American males were more likely to have 30-day readmissions. For those patients who had more comorbidities and prior hospitalization(s), they were more likely to be readmitted within 30 days. Patients who were discharged to health care facilities (eg, nursing homes) had the highest 30-day readmission rate (12%), compared with patients discharged to home with care services (9%) or without services (8%). Table 3 shows the 30-day readmission rates of the 10 largest index admission DRGs and the top 2 reasons for readmissions. Patients of these DRGs accounted for 75% of the sample, and 71% of all readmissions. In 8 groups, infection was 1 of the 2 most common causes for 30-day readmissions. Table 4 shows the 10 patient DRGs with the highest 30-day readmission rates and the top 2 reasons for readmissions. The 30-day readmission rates ranged from 17% (pancreas, liver, and shunt procedures) to 26% (upper limb and toe amputation for circulatory system disorders). Patients were more likely to be readmitted for medical (vs. surgical) conditions.
Estimates from logistic regression models (Table 5 ) showed that, controlling for patient and hospital characteristics, each SD increment in the PES-NWI score was associated with a 3% decrease in odds of 30-day readmission (OR = 0.97; 95% CI, 0.95-0.99). Each SD increase in the subscale scores of nursing foundations for care quality, administrative support to nursing practice, and collegial nurse-physician relationship was associated with lower odds (2%-4% lower) of 30-day readmission. Adding an additional patient per nurse on average was associated with a 3% increase in the odds for 30-day readmission (OR = 1.03; 95% CI, 1.00-1.04). The association between better work envi-ronment (overall and 2 subscales) and lower risk for readmission persisted despite controlling for nurse staffing levels, as shown in the adjusted joint models.
DISCUSSION
This study provides evidence that nursing resourcesnamely the quality of nurse work environments and adequacy of nurse staffing-are significantly associated with surgical readmissions.
Better hospital nurse work environments had a protective effect on risk for readmissions among older surgical patients. This association was independent of nurse staffing levels, which suggests patients cared for in hospitals with better nurse work environments will have lower odds for readmission, even accounting for staffing levels. This finding suggests an opportunity for achieving greater value for investment in hospital nursing. Changing the work environment requires institutional commitment to professional nursing but can be accomplished at little cost. 28 Our findings underscore the benefit to both patients and hospitals by investing in the work environment, which is consistent with IOM's report "Keeping Patients Safe: Transforming the Work Environment of Nurses." 29 Administrative Hospitals with poor work environments: overall environment score was Z0.5 SD below the mean; hospitals with mixed work environments: overall environment score was mean ± 0.5 SD; hospitals with good work environments: overall environment score was Z0.5 SD above the mean. support to professional nursing practice and interprofessional partnerships are 2 attributes of the work environment that can affect the risk for surgical readmissions, and their influences were independent of nurse staffing. As highlighted in IOM's report "Future of Nursing: Leading Change, Advancing Health," administrative support is crucial in enabling nurses to practice to the full extent of their education and training. 30 Poor collaboration among coworkers jeopardizes quality of care and therefore patient outcomes. 31 A robust body of literature has shown that ANCC's Magnet Recognition program has had success in improving hospital work environment, [32] [33] [34] and is an important evidence-based resource to guide interventions. The TeamSTEPPS program, an evidence-based teamwork system, is another resource that hospital administrators can refer to. 35 Improving nurse staffing is another potential strategy to prevent readmissions. Although administrators may balk at the cost of adding additional nurses, growing evidence suggests that the direct cost of improving staffing may be offset by savings accrued from preventing costly adverse This list of comorbidities was based on Elixhauser comorbidity list. The diagnosis of comorbidities was based on the secondary diagnoses of index admission as well as both the primary and secondary diagnoses of any admission in 180 days before index admissions. The HCUP comorbidity software version 3.2 was used for analysis. patient outcomes. 36, 37 Better nurse staffing, particularly RN staffing, enables nurses to detect adverse events earlier and provide interventions timely. Research shows that replacing licensed nurse hours with RN hours saves money and lives. 38 This study and others point to the potential for hospitals to reduce readmissions and associated financial penalties by improving nurse staffing. 13, 14 Our study did not show an association between hospital proportion of BSN nurses and surgical readmissions. We know only 1 other study of readmissions and BSN nurses where the results were mixed: a significant association was found between proportion of BSN nurses and readmission for PN, but not for HF and AMI. 13 Additional research is warranted to explore whether nurses' education impacts readmissions, as has been found for the effect of BSN qualifications on hospital mortality. 23 Our study has some limitations. The nature of crosssectional design limits our ability to determine causal relationships between hospital nursing and readmissions. Despite controlling for various patient and hospital characteristics, there may be covariates that have been omitted. We studied patients and hospitals in 4 states. Caution should be exercised when generalizing the findings; however, these 4 states account for a significant percentage of Medicare beneficiaries (25%) and hospitalizations. 39 In conclusion, our findings show that better nurse work environments and nurse staffing, 2 manageable organizational factors that hospital administrators can influence, may result in fewer readmissions. Hospital managers and policy makers may be underestimating the value of investments in inpatient nursing resources as an effective strategy to reduce readmissions and avoid financial penalties. *ROC (a measure of model performance) ranged from 0.6576 to 0.6577, which are similar to other reports. Control variables in adjusted models (adjusted separate and adjusted joint) included patient characteristics (age, sex, race/ethnicity, number of hospitalizations within 180 d before index admission, 27 comorbid conditions, and surgery DRGs) and hospital characteristics (bed size, teaching status, ownership, technology level, and hospital geographic area population density). The adjusted separate models examined each hospital nursing variable separately when controlling for patient and hospital covariates. The adjusted joint models included both work environment (overall work environment measure or each attribute of the work environment, respectively) and staffing in the same model when controlling for patient and hospital covariates. w The estimates of the effect of nurse staffing on readmission in adjusted joint models were similar when we included either the overall work environment measure or each subscale measure. Therefore we only reported the results from the adjusted joint model with both nurse staffing and overall work environment measure. MD indicates medical doctor; RN, registered nurse.
